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(54) PRODUCTION OF ACETIC ACID 

(57)Abstract: 

PROBLEM TO BE SOLVED: To extremely suppress the generation of carbon dioxide as a by- 
product and to prolong the life of a catalyst in a method for synthesizing acetic acid from 
ethylene by a vapor-phase catalytic reaction at one stage in high space time yield. 
SOLUTION: Ethylene is reacted with oxygen in the presence of a catalyst containing (a) metal 
palladium, (b) at least one compound selected from heteropoly-acids and their salts, (c) at least 
one element selected from the group consisting of elements of the group 6, the group 7, the 
group 8, the group 9, the group 1 0 and the group 1 2 of the periodic table and/or (d) at least one 
element selected from the group consisting of elements of the group 11, the group 14, the 
group 1 5 and the group 1 6 to produce acetic acid. 
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[fifft^S] (a) ti'<7-/W, (b) ^fn# 

w, (c) jb*h#*<*> 6 7 see*, sj&x*, 

9SSi, 1 O^x^S^l 2*xS?J: 

tffLfc^sfl; < 1 1 1 «O5E*a0 r /]SLtt (d) J9N9ft£ 
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[#!M=tt*o$SB] 

(a) #JS/"?7V*^A, (b) Afn* 
^S^it^o^^im^ft < t i> imnlt& 

m~Rxf ( c ) mw&Wi<v 6 ^tc«, 7 mjtm, 8 

*, 9S£x«, 1 OSix*&lM 2 80c* J: 

(a) tem/UWA, (b) Afnf 

VORV (c) ffiN9#£<0 6 Six*,' 7^7C«, 8 |£x 
*, 98SX*, 1 OlSfS^l 2«xf i !) 

[Mt$9U] (a) #«/N°9>t7A, (b) ^T-n«K 
4&, (c) jg«'#:*<7) 6 Sfex*. 7^x#, 8 8lx#, 

9#tx«, i oixta^'i 2«x*i 19 4*»*»e>a 

(ffrtfc^ft < fcfc (d) JSIiltfcOl 1 

1 1 5^JKX^^1 

[fflf*^5] (a) il^r/W, (b) 'vf-ntf 

*k (c) mmw^&mjtm, imjtm, smytm, 
swotm, i ojfeTcasxtfi 2^x«± 19 
jfttfc^a; < 1 1> i «(7)x«r^ (d) jg»r#:*<D 1 1 

Ixf, l 4Sil7ct, l sMIxfSffl 

HMIOIWBfcKW] 

[0 0 0 1] 
[0 0 0 2] 

ft Kogtffcft, y * y -A- t — &ffcgt# £RIt>£-££ 

xfi/ >Kffcic##-f-&^7 a * > intmr 

iftict J: "9 io*ftT?oft»<oi[*^»*liffllfe* 
& 0 y * y-;i^#;w:*r-MfcEfci±, Sltuony' 
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[0 0 0 3] -^^^y-h-hWm^-^Mitmx'^ 

■f %> urn*. i*w»axe± t <o**i ft 

x.U\ ^y^A-^^h, £&ft ifO^JR-f * 

*1 4 4 8 3 6 If) „ Sdii^vv^A-') >®T£{± 

io wtfem*&Mfre>*t>mm (#mbb4 7-1322 

1 , #BBB5 1 - 2 9 4 2 5) > ^^.flO^-f-n^V^ 
O^yy^Afi*?.^!.!!! (#IPB5 4-5 7 4 8 
8) , 3 <b ft SftlifflE (#<2rBg 4 6-6 
7 6 3), ^^v'^A-^T-n^UKXIi-etL^Offi^ 
e>ft^««( #W¥7-8 9 8 9 6) *fflv»fc4tffi-« 

s^ffft^ ci^otii±#i:ts^i tit, mmo 
-c*s&-r * ± -c , l <> -Ha- ft it * * l t v » * t a 

[0 0 0 4] 
[0 0 0 5] 

[BWtjlHfci- *3fci6o#«] *l§i^#t>!i, JiKItt 

L> *»W***S*fco -Tft^^^HBJ (I) «\ 
(a) iR^7y^A> (b) ^xn^') m&.Vtfth 

<7)&frbmi£Ktz'j?t£< t .* laoit-frwair (c) jh 

^#*<7)6^X«, 7^7C*, 8^X*, 9i*f, 1 

osfexffs^i 2^x«± e>atfit^ft< 

t l«Ox#5r#*i--l>)»»<!0^ttTH, ifl/>t 

[0 0 0 6] ^z^mM (II) li> (a) ii^'fy^ 
A, (b) ^'rn^';BUStyf-f-fLC ) <0J9[*»e,a{ftufc^' 

ft < t i> i ao-fi:^, ( c ) 6 «x*, 7 

^x«, 8ixf, 9 Six*, 1 OUScSfRtfl 2i^x 
*J: 19 &*»*&aif*Lfc^4r < t <> li©xMO' 

( d ) bw**<7> 1 1 ist, 1 4 m&mitm, 1 5 ^ 

ft < l«Ox*t*«i-*§liltO#fiT»^ xfl/ 

50 iSt**o 
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[0 0 0 7] J6TF\ *ftii:ov>tfU<RWti. * 
If* n a WJttb LXlt, tv^fv, * 

[o o o 8] iywtJKis, ?>yxf->m, v>9 
m, * * y rf^taw wj^k* > -r >m 

&if;WJ;F£*U>o AfnSWJ^XI±at, 
t- n # '9 B6*»«ffl ±#f U T? * & o 

[0009] icAfn^'jgcDfflfi, ^am±.<oins 

Sr««IL7t^JS^lgvM±*-^Afi[t?*-&o AfD^'J 

mK&itzitk, 2m, i im%.un 3mz 

&»f*Lfc4?fc< tt 1 «07C*t?* *9 , lATD-f'J 

COzE-O^T. V-f-^A, f h'J^A, *V^A, -fcv 
<7A, V^-v^A, A'9>7A, », ^RtFtf'J *>A«D 

[0 0 10] Ki-M«tttg-h3femc*ffl±4?f L^Af 
n^'Ji^i: LT(±, V > 9 >y*.T>WlV>V *f-*7 A 
iS, U >nf>I<0t h U ^Aig, ']>?>^ 

[0 0 1 1] *»W (I) trfflv»f,tL*j»«U±, (a) 
__rJR/* 7 (b) ^TUtfvmj&VtZtitb (Di£.fr 

hmmxtz^ta <tu m^it^Rzf ( c ) jiw**? 

O 6 ^7C», 7 tUx*, 8 J&TCfS, 9 mjcm, 1 0 ^7C 

«07c****i-*#x*l)*«t?**o (b) fftcjpsi- 

fl§v»f>*L, X (c) Si:|fSxf©fT1^nA, u 
__>7A, ;Ux-^A, ny->A, - tr A'RZfW&Z: if 

[0012] Xi;»»ttfl±3&mr*M_h#^»i Lv> 

^m<7>mmt lt(±\ (a) 41^9^94, a) 

ij y 9 y y 7^t~ y WlBl 0 s wj ■f^A, th'j9A, in 
S^t O > t ^KSW^ 'J f 9A , th'J 
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9A, SPUatRtf (c) *aARira»J; . fc4 3»*„* 

[0 0 13] -?-<7)*i*(±IEiti-!±t>^^^v^^ 
^ AiiJg-fk/^v v-7A, Sfl^^y^ A, Atn-fVK 
/■?•_> AJ__& if coft^-%t?(± & < > _feJR^°7 v 9AT* 
**K (b) »KJR-r*^"f-njjf»;aE£li*ft&o*li 

mxh^o, X (c) Pi-pi"-l>7c«{±^T-n^';mo# 
tit, r<fi^ic#4LTv^t#x.f>tt^ 0 -eo 

*, ^yyfAt (b) (c) -e*$tL*#» 

S_#i__*S&3.U ^f-n^'j^^v^AJfiltt^ (Wn 
BS 5 4 - 5 7 4 8 8 ) ^7V9A fc-frtr 3 

(#<&BS4 6-6 7 6 3) k Jt^TftV^Rj&S 

20 [0 0 1 4] X #i¥7-8 9 8 9 6 K|£$*LTV>* 

Ii:^ #W¥7-8 9 8 9 6 1C£V>T. ^3 
LT^SPLTV^ 1 1 , 14, 15 3U±16J£tc 

ifO«mXi±*«m*fflv^c 19 % Sij^ 

jo (c) WTtrnvyit-smt, ^^v^^mt&mt-m- 

[0 0 1 5l'*»W"efliv>fetL4 (a) tR;<7yf 
A. (b) ^7"n5j?'J^S.!y f -?-ti.fjO!t£^f>Stfttfc^ 
4 < i: 1 «0'fk^-%St9 f ( c ) JaW**o 6 ^7C*, 

7m%m, 8^7c«, 9^76*, i ojixt s^i 2i 
Tern* »> 4*»^e>ajx*L^* <tti m<njtm*% 

^■*2>Wmv> (a)(b)(c) <7>a^Jt{±, (a) 1^7 
Allf-: ( b )0.025-500 ^9 At^ 1 ?- : (c)0.005-10 

40 ^7ASfWi L<, i : o. i -400 : 0.01-5 

[0 0 16] 3Z.*««f<0/^'7V*'7AO^J|(± > ii# 

0.01-6 jt*%wlEiai*i-e*4^ffi L< , l 
<{± 0.1-2 m*%<ojeH-e*-5)o A-7y9AMi# 
6*» % ja._h.-e*> SJS (± .WHtSfr t- ^ ^7-/7A t) s 

n xm ^ h ti& mmnffiw&jm i= a . «iejs«M_ja-t? * 

[0 0 17] EP*>, tulfi (a) -C3R?*t*__«/^v>7 
50 A<opM^Mv^tL^M»fi, ^l^K^^^i^-CJi 
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A, SI/^y^AMr ^^nn^y'^ASt b 
V t> A * ifO i -5 ^9 v^A^jP!lc|EffcL-9 * 

[0 0 1 8] X (b) »OAfn#iJio«li, 

[o o i 9] x (c) mzm-r&jtm (^a, v^>7 
«F*#ft^w*ffii-ejb * o Bra* e> 

[0 0 2 0] *D!jKo8fto miff, 
Htrta (a) <tv -? v v *? Mfc -a* & (c) ^tc^i-^7c 

Xi±^tLP>coJ^^iDx.s -Sift, AM, Mi, ft****? 

[0 0 2 1 ] *f6WCfflv»e,*L4tttjBtii±Ea[*<0|** 
?L3f%R-e**U;f J; < , «*.»*-;";*, mt : j±, 

Rvmim&izvxfLx&to&iP, a#wuT 5-20 
10-100 lf%«Sir*4o 

[0 0 2 2] X. (c) (?OA, V-^A, 

ff±)A«It-tl t? * £ t}*\ «#0. 01 - 30Ss % <75 fEB 
Lv> 0 X,' ^WlUMn/^y^A 
IJtI/t7y^AA«t-* 19 , **±lBffi#i::><? v 

[0023] m.iz*mm<Dm#-^nmwm-&m~ffl®. 

ii&<> (a) <Z>£m>*7W-k. (b}'S<0^fD$ 
VHtJUi-toaatT (c) »cO7C«(±*0#±^ttji:<757^ 
ftt 5 Wm*v^ift#$*^vli:^§^ 0 (a) <7)&^ 

/^y'fA, (b) wo^xn^'jaixa-e-oaav 



(4) #fflf 9-6 7 2 9 8 

[0 0 2 4] HP*>, ttfSOSS^/^^v'^A-fk^-ftS.^ 
(c) »OX*Ofk&»**XliT-fc b >&ifo^S& 

io fb7- b u * a, * ir 4 wa- b 'J v A*o*»ss-eia3a 

-r^d ticj; (9, /^y'^ASir (c) P<7>7C«<7>®Mt 
<oatS43txfflUJ: ^^y^AMM (c) PcOtc 

felt, (b) &<v^TV*vmxit*<vi&zm$mmL 

[0 0 2 5] (b) »OAfn#'j»XI4Waoffl* 
20 ^&*mm2ti2>o tztzL, (b) ^Arn^iJSX 

li^oswtwti, 3501c 

[0 0 2 6] *I§B^ (II) T?fflV»fe*L*|Wltl±, (a) 

A, (b) Afn^uflWtLt,^ 
«b^(f*t/c^* <tU ttOffc-fr*, ( c ) «*|»:«0 

6m7tm, imxM, &mKM, 9Wk%m, 1 omotm 

OTCSfRtf ( d ) 1 1 ^7C*, 1 4 tfe£^7C 

t, 15 as&Kxas&tr 1 6 k&jhx* j; f> 

[0 0 2 7] (b) SCIt^Atn^UtXlifftf, 
Ottk LT{±«T5E«0«I(CL-Cfflv^tt, (c) PicJS-t 
i.^M<n^X\t^ n A, u^.>7A, ^t-^A, By^ 
A, -y7-^R0 f iE«&^t\ (d) Picmi-*7C*Ocf 

x-am, m, m, m, r h~^v^, 

Xfy- ;V )V t£ Zim £ L < « ffl -C # * o 

[0 0 2 8] JEtc»itttl6±*Wc|8fli±Wti5F4 Lv^ 

40 ^m<r>mmt un±> (a) ts^y^A, a) 

•7 A, ffiJSk (c) ^DASWMff' (d) t'X7 

[0 0 2 9] -?-c7)#5t(±IEa^{±t>^t>^v^ i \ a-7-/* 
>>AI±tftfb><7 v>7A, HfcA^y^A, ^7-n-if';m 
/n'v y'7Al/i Jf(0-fk^T-i±^ < , 4I^7y7Af 
(b) »UJRi-4^rn#i;»Xl±**Libott[Ji 

50 tt^m^^:t;i:i±«^y^ IflRostfyKXtt*©**** 
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X (c) », (d) ^{r«^-S7C«(±^-rn 
fzjtmt LXX~l±% < , :£•«, ft£*£Wi&J|S/'?9v ? 

4„ X, (c) 8. (d) »UJK1-&7C**±»«*4:L 

riBi#i-^pLrv^#\ (c) mzm-f&Tcmt 
■*t*»9, (c) mKm-?z>7tmt (d) 

&<0i:#xP>;h.4 o 4I/<??fAt (b), 

(c) a ^ (d) r*mzti&&&niti?®Rv i ytm<F>m 

[0 0 3 0] *»MTfflv^f>tt4 (a) iS^y* 1 ) 
A, (b) ^7-u#Vm.RV c *tLt><7)iaLfrbM\itLtz4? 

& < t & i «ofk^-!ir, ( c ) mmwm<o & mitm, i 
Wotm, smitm, 9-m.Ttm, i omitmRun 2m.1t 

( d ) mmwmo 1 1 use*. 1 4 bs&jktc*, 1 5 m 

(d) WMJtli. (a> 1^5AS^: (b) 0.025- 

500 77^: ( c ) 0.005 ~io^9 A^f : (d) 

0. 005-10:/ 9 AWL^m-i L<, #(Z 1 : 0. 1 -400 

: o.oi~5 : 0.01-5 (z&v^-r, i»)jfiLv^*t 

[0 0 3 1 ] Wttlt^^y^AOttil^ a* 
0.01 -6 ii%«0gfflfl-!?*4OWtL<, 
*L<(4 0.1-2 *£%O$bBT?&4 0 ^^y^Att 

[0 0 3 2] m*>, «rlB (a) T^StL&^/N-^v^ 

A, «|^ , 7y^A5ll ! fh7{'nn/?7y')A®t h 
'J ^Aifcoio K/^v^A^JKicS&ffcL? 4&0& 

[0 0 3 3] X (b) S^Afn^iJWli, 



(5) #GS¥ 9 - 6 7 2 9 8 

8 

[0 0 3 4] X> (c) »lcJRi-47C3(S (>nA, V- 
ryA, ;p-r--7A, ny-)i,, ^ -y -7-;v5.U f Mi&& if) 

o ftisiiwas iz m v »<b tt 4 n^-i±# i- iste $ ti.4 * 0 t? i± 

M^da, Sa-ffcv-^A, ilffcMi&^co/M^ 
[0 0 3 5] X, (d) (ft, £, tt, 

70 mmmmiz m v» & tt* w k iRje $ *t ^> t> o -e a * 
v>, mtry^-^y, mfkH'xvx, ^t^^ooKft 

it«7x, wim Kit, 5«mi&*o5«a6 

m, I-tpyfA'J^A, TyftyfA'J'JA, Hfb 

20 [0 0 3 6] ^tc v «4«<OSftc0 1«?r^-ro Sf\ 
(a) W/^v^Aft^feStf (c) *, (d) » 

7Kxi±T-t h >4^oa^4»jaEjsv»t±J9[», «nt, ft 
7-n^'j ^xi±^tL^cofiE*tDx., mm, mm, 

[0 0 3 7] 4:»9!-rAv^tL<&flfeKlt±CjfftJftogUK 

* T ^ 5 ^- 4 if osg5-5fy|£, v y b ^-^oflfett^ 

coM^cO t> ^ *t 4 o Srfi# i: * tcffiffl't 

4 »-£-<7>^-f n *° "J MR aff^ttOfiSrl (4 , fiffott 
SSfflJLSStcMLTffci^ fifltUJtLT 5- 
200 Si%o|EHl*It?ii>4<7?* s »iL<. Hl'*ftL< 
(±10-100 *!:%O|gHt?ab4 0 
40 [0 0 3 81 X, (c) »<0%« (ynA, Iz-^i, 

(d) pox* m, m, n, », r>^*>, 

x, -bv>s.n f -r^;i'4if) coffi#fi(±j£^HT*^-e 

*4^ 5 \ jiHf 0.01 -30mfi%cO$gH-e*4<7)7)^f L 
v^o X, * »SCMt ^^'7 y^ A litl^7 y^ A 
**»a-e* o , ii#±ffifflff ic/t 9 v ^ikimWL, 

[0039] jgt^ *mi&<r>ufc^<Dimmzimi l z.ffl 

PS!±4<, (a) (O^^^v^A, (b) P(0atD 
50 ^U^X(i^<Oi£, (c) mnTcHSRV* (d) POtc* 
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g&o ^y'W, (b) Pc0^7-n#gmXti-€-«0 

(c) P^TCftR^ (d) *W7C*Ofifr^offl«p 
«??(±, rtl?> 4p<7>7BSt£ 2«JA±|W|B$lcXtitt*0 

a*ffl#fj-&fSf!««> *£> o Ja*n <o^v* a m x § 

[0040] bp*>, mrfEoa^^^^-f Aft^*air 

( c ) »ox*ofk#«»**xi±T-t b 

•ffc^- f 'J <}A, W^M^A^O****'?^ 
•t^itH £ <K A^y^iSy' (c) P<7?7C*coKft 

<75jtS&«7CiW^<fc iJ/^9v^A#JKS.y f (c) IP<07C 
fcfL (d) WOT&alfRtr (b) S<D^Tn*-'JtXli 

oai t jkminf l xmm * # * . 

[0 0 4 1] (b) S<OAtn#'JSXIi^W 

(d) ^jtm^im-mt l-h±, &%t£B 
(b) s©Afn 'j m.xte j t<vi£.mw&<DnM, mtc 

cot 5 *?* L< ftv>o 

[0 0 4 2] *f&H^<07^-S(Ci5V^T, xf U>tM* 
RJE&5-frr»R4r»«-f *^ RlBiORJilOO -250 "C 
t?*** 5 , SF* t < (± 140-200 tT**lit^± 
*f«t?**o X, RX&m*«R#OA^e> 0-30kg/cm 

~ 1 5kg/cm 2 G^ii £ 0 
[0 0 4 3] *|&WO^j*^*v»TSt&*^ffi»i-4#' 

lib ^4##3trx£*K*frL-C\ .x^WXi 2-80 
ftff t<ii 5~50#fi%cD#J-£-t££l:-C\ K 
Sff± 1~15SS%> »* L<ti 3-10#M%<7)*lJ^i4 

[0 0 4 4] iORlD^{-*3V»T(±, tK*KJ£^F*3^ 
i:»®^«fil14t«^co|fi]JiS.O f ftl5«cofS14 

fF*%^4it4 0*««f3S-C**^ SPiL<(i 5-30$ 

[0 0 4 5] *%raC5^-ft**ilt--5>t-^i7> 

ALTfc3£LXx&v> 0 Milt a«, 
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M\ «iS6«3^^iJV^TSMa*(SV)ii 100 
-10000 Hr\ SOO-SOOOHr- 1 -ettM^iI1-c0^f 

[0 0 4 6] 

20 [ftllfl] BIT, *itfll^J:9*»iS4r3lt*#W»iii 

HJfcflJ 1 

•f h 9 ? y^Aft h 'J ^ A 5 g SU^fb* n 

A 6 7MW0. 23 g *-g-tr*»jSlC, v 'J *fi#: (5 mm 
<j>) 125cc £«U iki®*?*^^, -1W*>0?£^ ? 
irimi-hW^ 9. 5 g 100m I 4>lcJn 

20Hr»g$*/io L^Sffe, 85%K K 9 
10.75m 1 SrifetmU r hf^nn^yy^ASt h ') 
^ASr&S^^v'i'AKSTCL^ *V7feL7tf*, 110 "Ct? 

^nA^^tfa#«UL, ^«*«IJR**/S||, 11 
0 "CtM Hr<e*LJt 0 

[0 0 4 7] nhfifzmM22.5m 1 *RJ6«t*«L, 
SJS 20010, l±t)S kg/cm 2 G^\ : : 

% : a**sWJt20 : 6 : 25 : rawlH-g-Kift'S-Lfcarj* 

*»£jiS45NI/H CtfAU KJ&*ffftofc. ^gcL/c 
50 [0 0 4 8] ^*fi« 2 

[0049] mtkm 3 

HJif II 1 X*r 4 9 > 9 'X ?■ >M<Vttt> *) \z*r<i \?9 

y 9-x t Ltzzt m^(±, mmw 1 1 m c 

[0 0 5 0] ftlfcfl 4 

9 y 9* t >m*i%m Ltzzt iztut, mmm 1 1 m u 

40 l-L3to 

[0 0 5 1] £jfcffl| 5 

^ife^i) i -e^ -f ^ > t" >^<^>'ft *> <9 tw ^ 'f ^ > 
fy^'Jf^AJS^fflLfcctMli, ^ifefUi t 
raCl-L7t 0 iit^O^nf^O'Jf^Al 

t±, >r<i 9 > 9' >M28.S g z&ts-fcmmzffimv 

>^A 0.069gS-^-tf7R?#ve^«TL-CpfiL7i o 
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